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Report No. 316/25
Watertown Arsenal June 7, 1935

Low Chromium 46 Steels

Object

To study the Droertl.es of semi-corrosion

resisting steels containing 4 to 6% chromium.

Conclusions

Lov chromium 46 steels of correct anrlysis

respond satisfactorily to heat treatment. Then

exposed to the atmosphere or to salt spray, rust

appears equally as fpst on low chromium 46 steels

as on ordinary steels.

The alloy possesses moderate properties and

excellent ductility and impact resistance. Its

corrosion resistance is not such as to recommend

it for ordnence purposes.

Introduction

The oil industry is using considerable quantities

of Cr steels because of their resistance to sulphide

corrosion and high tempers ture oxidation.

The value of this miteriql to ordnance was

studied and the results are given in this report.
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Mater .al

The Allegheny Steel Company, Brackenridge, Pa.,

supplied this Arccna. with ste&Ll of thE. follo .'ing

analysis:

Analysis of Test 'Material Supplied. by Allegheny Steel
Comrpany, 46 steel, Marked 56A9, Report No. 316/442

Elemrnnt

C .095
Mn .46
Si -Z 3C)
S .020
P o014
Ni .12
Cr 5
Cu
Al .6

Heat Treatment

The ma~terial was heat treated~ as folloi.s:

Piece A

Heated to 815 0C, 2 hrs., furnace cooled
9i 700C, 2 It oil q 'uenched
7000 C, 2 It air cooled.

Pleco B

Hi~ated to 8150C, 2 hrs. , furnpce cooled
U U9700C, 2 oil auencheed

U4000C, 2 " air cooled.
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The nrrmerties ob~3erve6. are:

8700C 0-' . Ur700C C.'
Heat Treatment Z0OoC A.C. __ _4000 0 ____

Si.-eciman Nuiber AIT A2T A2L EL1 BL2

Direction Tr.nsve-n~(. Long. Lor.~itizinil

P. L. 100C -. s.i. 4. .2 32.5 2'3.0 56.0 54.0

Johnson's LL1%psi 44.1 4 3.C C,.0 1~O66.0

T.S. 1000 p.c-i. 7135 71.5 71.6 112.8 112.0

~3n~ain29.0 35.2 38.0 24.0 24.0

Re.of Area 0 317. 90 64.8 62.4

Break outer - midl1e thirf. -

t hi r6

*Test Scc. in. .125 .125 .252 .252 .252

3 BH I 334 209

1RC7 17

Sq. Ch.nrpy Ft. Lbs. ilL 60.2

ilachinjiit

I-.- th e - of t nef comn. 1 t -on d iff iculty e encountered5

in threai&ing. Ths- stocl- .as tough but othervrise -vs

mnpchinn~ble.

Corrosion R_sistance

Tie behr,.vior of this mnnterioi -hen exroed. to

the atmiosp.-itri vnc n to snlt s',)r,-y -as observe-d and

compareC- 'ith miuld steel. Noa benefit rp~S detected
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by addin,, 5. 5' Cr to steel to retard either the

initial period for rustin. to be observed or the

initial corrosion ;hich occurred.

Discussion

The low chromium 46 steels are commercially

available in various jrades, vis:

Chromium 4 - 6 ;

Carbon .21 to .2: 16 to .20%: 11 to .15':
.106 max.

Colybdenum .40 to .60,: .61 to 1.09: 1.01 to 2.0,c

Silicon 1. to 2.r

Titaniumrn 5 to .7,.

Tung-sten .75 to 1.25%

The other onmret elements are nominal, for instpnce;

_:n 0.5 max; P 0.04 mx; S 0.04 mx; Si 0.50 Mx unless
special.

The physical properties of such steels are given

on the accompanyin, tables. A ride ran,,e in properties

-re available. This Arsenrl h.-,s been sup:lied .ith

castin-s of this type analysis for ;intle stock.

The addition of more than 2 - Cr reduces the

corrosion rate of steel in aerated 'rater, HCI, H2S04 ,

!aC], NaCl + F2S, ,,hen corroded over lon, periods of

time. The resistance to oxidation is also increase6

To enhance the corrosion resistance to Pcid media,

the addition of 0.5 to 1.0..- Cu is advocated. To

enhance the corrosion resist,)nce to oxidation at high
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temperntures, the addition of -.5 to 1.0 Al is

advocated. The addition of 0.5, Mo or of 1.O 1

increases the strength at high temperaturesand also

tends to raise the corrosion resistance. Adding five

to eizht times as much Titanium as there is carbon

causes the steel to lose its air hardening properties

so that tensile strength of only 60,OOO to 65,000

p.s.i. are obtainable. However, the high temperature

strength is not impaired. The tying up of carbon in

the form of TiC relieves that much more Cr for enhanc-

ing corrosion resistance such as resistance to high

temnerature oxidation. The alloy finds its usefulness

in commerce for its high temperature pro'erties and

resistance to oxidation and resistance to crude oils

at high temreratures.

For ordnnnce material the Ordna'nce Department

is interested in ferrous materials 'hich have low

initial rates of corrosion rather thnn lo7 rates of

corrosion over long periods of time. The fact that

the 55 Cr steele rusted as quickly as rlain steels

in the atrmosphere or salt scray would indicate that

this material is not of interest from the corrosion

point of view.

Respectfully submitted,

P. R. Kosting
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